
. 1 

5 
: 

for the 

Air Materiel Co md, Army Air Forces 

PRELIMINARY RESULTS OF AN ALTITUDE-WIND-TUNNE L INVESTIGATION 

OF A TG-IOOA GAS TURBINE-PRQPELLER ENGINE 

- PEtJZSSUI@E AND TEMPERAT= DISTRIBUTIONS 

Robert M. Geisenheyner, and Jokeph J. Berdysz 

Flight Propulsion Research Laboratory 
Cleveland, Ohio 

-CLASSIFIED DOCLTYENT 

TECHNICAL 0 EDITING 
WAIVED 

RATIONAL AWtsORY C~AM~TTEE 
E’ -2 -- FOR AERONAUTICS 

WASHINGTON ~C~SiE’lELI 



I 
I 

I 2 

J 

. 

. 

NACA RM No. B7JO2 

for the 

Air Materiel Command,  Army Air Farces 

FRmaamRY REsmI!s OF AN ALTITUDE-WIND-T INVB!PIGATION 

III- -ANDmm DISTREUTIONS 

By Robert M . Geisenheyner,and Joseph 3. Berdyse 

An invest2gation to determine the perf OImence and the opera- 
tional charaoteristics of the TG-1OOA gas turbine-propeller engine 
has been conducted In the Cleveland altitude XL& tunnel. As part 
of this investigation, pressure and temperature data were obtained 
at altitudes from 5000 to 35,000 feet, compressor-inlet rem-pressure 
ratios frun 1.00 to 1.17, and engine speeds fram 8000 to 13,000 r-pm. 
Average pressures and tmnperatwes measured at each station In the 
engine are presented in tabular form for sll operating conditions. 
The effects of engine speed, shaft horsepower, and. oompressar-inlet 
ram-pressure ratio on pressure s& temperature distribution at each 
measuring station are presented graphioally. 

Changes in engine speed had no appreoXable effect on the air- 
cumferential or radial distribution of pressures and temperatures 
at any of the measuring stations with the exception of the ocrmpres- 
SOT Inlet, caupressor outlet, ami tail-gipe-noexle outlet. As the 
engine speed was Increased, the radial distribution of total pres- 
sure at the compressor inlet became less uniform, whereas the dis- 
tribution at the tail-pipe-nozzle outlet became more nearly sym- 
metrical with respect to the center of the tail pipe. Large vsria- 
t ions in the oircumferential distribution of -0 pressure at 
the compressor outlet occurred at all engine speeds. 

Variations in shaft horsepower did not greatly affect the 
ciroumferential or radial distribution of pressures aud t-era- 
tures at any measuring station exoept the tail-pipe-nozzle outlet, 
where the total-pressure distribution became more uniform as the 
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engine powerwas increased. Changes in ram-pressure ratio from 
1.00 to 1.09 did not affect the distribution of pressures ard tem- 
peratures. Flow sepsration in the upper region of the right wing- 
duct inlet ocourred for some operating conditions and was attributed 
to high inlet-velocity ratio and rotation of the propeller slip- 
stream. Losses in total pressure between the compressor outlet 
and the turbine inlet were approximately 0.9 of the dynamio pres- 
sure at the ocmpressor outlet. 

INTRODUCTION 

An investigation to determine the perf ormance and the opera- 
tional ohsracteristics of the TGlOOA gas turbine-propeller engine 
has been oonduclted in the Cleveland altitude willd tunnel at the 
request of the Air Materiel Command, Army Air Forces. As part of 
this investigation, pressure und tqerature data were obtained at 
altitudes from 5000 to 35,000 feet, compressor-inlet ram-pressure 
ratios from 1.00 to 1.17, a& engine speeds from 6000 to 13,000 rpm. 
Performance charaoteristios of this engine are presented in refer- 
ence 1 evpd windmilling ohsraoteristios in reference 2. 

Typical surveys of total pressures, static pressures, and 
indicated temperatures at the measuring stations throughout the 
engine are presented herein. The affecteof engine speed, shaft 
horsepower, and compressor-inlet rem-pressure ratio on these pres- 
sure and temperature distributions are briefly discussed. Average 
pressures aad temperatures measured at each station In the engine 
ere prebented in tabular farm for all the operating conditions 
presented in reference 1. 

IN9TALLATIONAhDPROCEDTlRE 

The main oomponents of the TGlOOA gas turbine-propeller 
engine are a 14-stage exial-flow compressor, nine cgliladrical 
counterflow combustion chambers, a single-stage tmblne, an 
exhaust cone, and a two-stage planetary reduction gear (fig. 1). 
The over-all length of the TGlOOA gas turbine-propeller engine 
is 116 inches and the maximm dieter ie about 37 inches. The 
dry weight of the engine, including plpsng and al.1 accessories, 
is 1960 pounis. The engine was installed ina stresmlined wins 
nacelle that was mounted in the 20-foot-diameter test section of 
the Cleveland altitude wind tunnel. A four-blade EWnilton-Standard 
superhydromatic propeller with a diameter of 12 feet, 7 inches was 
installed on the engine (fig. 2). l & 
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I Air entered the installation through two wing ducts with leading- 
edge inlets behind the propeller. The vertiasl oenter lines of the 
inlets were located along the wing span at about 60 peroent of the 
blade radius (fig. 3). FrcPnthe duets, the air flowed through an 
annuls inlet into the cqressor. Air discharged from the compres- 
sor was turned 180° before entering the cabustion chambers. Hot 
gases leaving the oanbustion chambers passed through the turbine 
nozzles apd the single-stage turbine into sn annular exhaust cone. 
The exhaust gases were dischargedthrough a straight tailpipe 
96 inches in length and 14 inches in diameter. 

The operating limits for stat10 sea-level oonditions as 
established by the manufaoturer ere: 

Turbine speed: 
Msximumoverspeed,qim........~ .......... 
Normslrated,rpm.. .................. 
Idling,rpm ....................... 

Exhaust-gas temperatures (at exhaust-cone outlet): 
Military rating, 5 minutes ?F .............. 
Normal continuous rating, b ............... 
Starting and aooeleration, oF .............. 

Eearingt8mperatures.OF. ................. 
Vibration: 

At turbine frequency, in. ................ 
At propeller frequency, in. ............... 

13,300 
13,000 
10,000 

. 1265 
u70 

: 1600 
. 250 

0.004 
0.025 

A description of the instrumentation installed at each measuring 
station (rigs. 1 and 3) is presented in reference 1. Press~es were 

measured on mercury, alkasene, and water monometers and were photo- 
graphically recorded. Temperatures were recorded on two self- 
bslancing potentiometers. 

The investigation was ooniucted at altitudes from 5000 to 
35,000 feet and compressor-inlet rem-pressure ratios from 1.00 
to 1.17. At each altitude and compressor-inlet ram-pressure ratio, 
engine speeds were varigd fram 6000 to 13,000 rm. The engine 
shaft horsepower measured at the torquemeter ranged from 70 to 
1050 horsepower. Ambient pressures and temperatures were main- 
tained at approximately NACA standard altitude ooditions. 
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-TS AND DISCtBBION 

The average values of total pressure, static pr8ssur8, and 
indicated teqerature at eaoh measuring station are presented in 
table I for all operating oo&itions investigated. The effects of 
engine speed, shaft horsepower, and ccmpressor-inlet ram-pressure 
ratio on pressure and temperature distributions at each measuring 
station sre shown in figures 4 to 32. All instrtnnentation except 
that at the wing-duct inlets was viewed in the direution of air 
flow. 

Effeot of engine speed - A typical OVer-all average pressure 
profile through the engine ;a presented in figure 4 to show the 
effeot of engine speed on the average pressure at each measuring 
station. When the engine speed was increased frcm 10,000 to 
13,000 rpm at approximately oonstant tail-pipe temperature, the 
average pressures at the turbine inlet (station 5) were increased 
8ppIFOXimat8lg 60 pe??Ceti, whereas the average pr8ssur8s 8t th8 
turbine outlet (station 6) were raised approximately 10 p8roent. 
The effeot of ahanging the engine s-peed from 10,000 to 13,000 rp 
on the pressure arid tqerature distribution at each measuring 
station is shown in figures 5 to 13 for an altitude of 5000 feet 
and a ocmpresscn--inlet ram-pressure ratio of 1.00. For these 
engine speeds, the average temReratur8 at the junotion of the 
exhaust oone and the tail pipe was 8pPrOximat8~ 1500° R. 

The wing-duet inlet surv8ys presented in figure 5 show that 
at engine speeds of 10,000 and 11,000 qau very low total preseures 
were obtained in the upper region Of the right wing-duct inlet. 
These low total pressures apparently resulted from flow separation 
on the inner surface of the upper lip. Although the inlet-velocity 
ratios for these operating co&itions were above unity, the total- 
pressure distribution at the left duet inlet was uniform. Flow 
seperation at the right duot inlet was probably caused by a ocm- 
bination of the rotation of propeller slipstreem and the high 
inlet-velooity ratios. At engine speeds of 12,000 and 13,000 qvn, 
the total-pressure distribution was uniform far both inlets, 

At the ccmpressor inlet (fig. 6), the radial pressure pro- 
files were uniform at engins speeds of 10,000 and 11,000 rpm. 
As the engine speed was increased to 13,000 rpm, the total pres- 
sure at the middle portion of the annular passage increased and 
the static pressure decreased, which indioates that the velooity 
in this region was higher than at the wall. A reasonably uniform 
circumferential pressure distribution was obtained at all engine 
speeds. 
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A survey of the static pressure through the ccPnpressor for 
several engine speed8 is shown in figure 7. Caqpressor-outlet pres- 
sure and temperature distributions are shown in figure 8. Close 
agreement existed between the total-pressure measurements obtained 
with tubes located on the struts in the compressocr-outlet passage 
ard the center tube of the rakes with the exception of rake 3. A 
uniform circtierential statio-pressure distribution was obtained; 
however, veriations in the total-pessure distribution resulted in 
a large Qnsmic-pressure gradient around the ccstpressar-outlet 
ennLiLus . For eaohengine speed, the dynsmiopressure at rake 2 
was approximately three times as seat as at rake 1. The circuln- 
ferential distribution of total and statio pressures at the turbine 
inletwas uniformfor eachengine speed,as showninfigure 9. 
Beoause the oconpressor-outlet statio pressures were uniform and the 
pressure loss through the ocanbustion Were was approximately 
0.9 of the dynemio pressure at the o~ressor outlet, the resultant 
distribution of totel pressure at the turbine inlet was uniform. 

Turbine-outlet total and statio pressures are shown in 
figure 10 and turbine-outlet indioated temperatures in figure ll. 
The ciroumferential distribution of total and statio pressures 
was nearly uniform far the four engine speeds presented. A oon- 
siderable radial total-pressure variation was observed at rake 3 
far engine speeds of l2,CCO snb 13,000 rpm. In general, the statio 
pressures measured by wafer static-pressure tubes were lower than 
those measured by wall statio-pressure tubes. With the exception 
of ocmbustion ohambers 1, 7, and 8, the turbine-outlet i&ioated 
temperatures were fairly uniform. The large temperature variation 
among these three aombustion &embers probably resulted from aaeven 
fuel and air distribution. Flow-benohtests showed that the fuel 
nozzle installed in oaubustion &amber 7 had the highest fuel flow 
under all oonditions investigated, whioh accounted in part for the 
highest temperature ooourring in that oaubustion mber. As the 
engine ~peedwas ~easedto12,000~,~et~~rature differ- 
ential at the turbine outlet was deoreased; however, at 13,000 xy?~ 
a slightly greater differential was observed than at 12,000 rpn. 
Owing to the effect of radiation on the thermooouplee, temperatures 
measured at the turbine outlet were ueed only to determine burner 
ignition and u.&aUn~. 

Clrcumfererrtiel distributXons of total press~e, statio gres- 
sure, and Wcated temperature measured at the exhaust-ooze outlet 
(fig. 12) were uniform for the range of engine speeds presented. 
For sane conditions, not shown graphioslly, however, temperature 
variations as great as MO0 were observed. mo themoootlples 
looated at this station were conneoted in parallel to a gage on 
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the engine control panel to indioate limiting exhaust-gas tempera- 
tures. The temperature measured by these thermooouples is not shown 
in figure 12. Exhaust-gas tvrature limits were estsblished at 
this station by the manufacturer. 

The distribution of pressures and temperatures in a vertioal 
plane across the tail-pipe-nozzle exit is shown in figure 13. The 
total-pressure profile at this station ohaaged with engine speed. 
It is noted that the distribution of total pressure for the top 
and bottcan halves of the rake was not synunetrical. As the engine 
speed was inoreased, the total-pressure profile beoeuDe more uni- 
form with respeut to the center of the tail pipe. In order to 
obtain auourate measurements both vertioally and ciroumferentially, 
it would be necessary to make surveys in more than one plane. 
Temperatures measured at the tail-pipe-nottlsexit rake agreed 
reasonably well with the average turbine-outlet tempmature, but 
for scane aonditions these tvratures were higher than those 
measured at the Junction of the exhaust oone ani the tail pipe. 

Effeot of shaft horsepower. - A typioel over-all p-essure pro- 
file through the engins showing the effect of shaft horsepower is 
presented in figure 14. Total-pressure, static-Iressure, and 
Micated-temperature distributions at eaoh measuring station are 
shown in figures 15 to 23 for shaft horsepowers of 425 a& 951 at 
anengine speed of13,OOo m. These data were obtained at an 
altitude of 5000 feet and a ocuapressccr-inlet rsm-pressure ratio 
of 1.00. 

The change in shaft horsepower had no appreoiable effect on 
the pressure and temperature distributions at the wing-duct inlets 
aad the ocmpressor inlet. An inorease in shaft horsepower raised 
the ocnxpress~-pressure ratio as shown by the increase in static 
pressure for eaoh stage of the ccsnpressor stator in figure 17. 
muah as choking ooourred at the turbine nozzles, the higher 
fuel flow required to increase the shaft horsepower resulted in 
ahigherturbine-inlet temperature andpreseure ti oonsequently 
a higher ocmpressor-peesure ratio. 

The ohange of power hsd. no appreciable effeot on the dlstri- 
butions of pressure ana temperature at the ocsrpressor outlet, i;he 
turbine inlet, and the turbine outlet, as shown in figures 18 to 21. 
The temperature level at the turbine outlet, however, was raised 
approximately 200° R with the increase in sheft horsepower (fig. 21). 
The survey at the exhaust-uone outlet show8 a slight ohange in the 
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.P ofroumferential total-pressure distribution (fig. 22). An increase 
in shaft horsepower resulted in a more uniform distribution of total 
pressure ai; the tail-pipe-nozzle outlet (fig. 23). 

Effect of rem-pressure ratio. - The effect of ram-pressure ratio 
on the total-pressure, statio-pressure, ti iadioated-temperature 
surveys is shown in figures 24 to 32 for mxnpressor-inlet rem-pressure 
ratios of 1.00 a3ld 1.09 a~& sheft horsepowers of 340 a& 330. These 
data were obtained at an altitude of 35,COO feet and an eugine speed 
of l3,ooo rplL. In general, the vqiation of oaupressor-inlet rsm- 
pressure ratio from 1.00 to 1.09 did not have any appreciable effect 
on the pressure and temperature dietributions. 

Wing-duct-inlet surveys (fig. 24(a)) show that at a ocqressor- 
inlet rem-pressure ratio of 1.00 there was evidence of flow separa- 
tion in the upper region of the right duet. As was previously 
disoussed, this flow separation is attributed to the rotation of 
the propeller slipstieam and the hi& Inlet-velocity ratio. Higher 
pressures ocourred at the vessor outlet a& the turbine inlet 
when the rem-pressure ratio was inoreased to 1.09. (See figs. 27 
and 28, respectively.) 

c 

The following results were obtained frcan an imestigation of 
the !lD-1OOA gas turbine-propeller engine in the Cleveland altitude 
wind tunuel over a range of altitudes frcm 5COO to 35,000 feet, 
engine speeds fran 8OOC to l3,OCO qq, amd ram-pressure ratios 
fran approxImate3.y 1.00 to 1.17: 

1. Chmges in engine speed hsd no appreciable effect on the 
circumferential or radial distribution of pressures and tmpera- 
tures at any of the measuring stations with the exception of the 
aompressor inlet, the oompressor outlet, and the tail-pipe-nozzle 
outlet. As the engine speed was inoreaaed, the radial distribu- 
tion of totsl pressure at the ocmpressor inlet became less uniform; 
whereas the distribution at the tail-pipe-nozzle outlet became more 
nearly symnetrioti with respsct to the center of the tailpipe. 
Large variations in the circumferential distribution of dynsmio 
pressure at the c~essor outlet ocourred at all engine speeds. 
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2. Variation of shaft horsepower did not greatly affeot the 
olrolrmferential or radial distributions of pressures and tempera- 
tures at any measuring station except the tail-pipe-nozzle outlet, 
where the total-pressure distribution bemme more uniform with au 
imrease in engine power. 

3. The oiromferentisJ. or radial distributions of pressure 
and tempsrature were unaffeoted by a change in ram-pressure ratio 
frcan 1.00 to 1.09. 

4. Flow separation, whioh occmrred in the tqper region of the 
right wing-dust inlet far SQPB operating ootiitions, was attributed 
to high inlet-velooity ratio ti rotation of the propeller slip- 
streean. 

5. The total-pressure loss between the ucmpressor outlet anI 
the turbine inlet was approlhately 0.9 of the dynamio pressure 
at the ompressm outlet. 

Flight PropulsionResesroh Laboratory, 
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BigureL - 8166 view of !I!+IOOA engine showing location of meaeur- 
3ng stations. 

Figure 2. -FrostYiewOf'PG-lOQAgaerturbine.propellar engine 
inetal.lation in altitude wird tunnel. 

Figure 3. - S~tohofTG-1oOAgaet~bine-propell~engine in&al- 
lation ahow~ looation of wing ducts a& mete. 

Figure 4. - Tgpioal over-all average preesure profile through TGlOOA 
gae turbine-propeller englns for engine epeeds frcpn 10,000 to 
13,000 rg0.l. Altitude, 5000 feet; ocmpreeecxr-inlet ram-pr888ure 
ratio, 1.00. 

Figure 5. - Effeot of en&ne speed on di8aCibution of total pree- 
8ure, etatio pre88ur8, a iucated teqperature at wing-duet 
inlete. Altitude, 5000 feet; oaqreesor-inlet ram-pressure 
ratio, 1.00. 
(a) Engine epeed, 10,000 rpm; tail-pipe temperature, l527O B. 
(b) Engine speed, ll,OOO qm; tail-pipe temrperature, 1458O B. 
(0) Engine epeed, 12,000 r-gm; tti-pipe tmperature, 1495O B. 
(d) Ihglne speed, l3,OOO rppn; tail-pipe temperature, 1510° B. 

Figure 6. - Ek'feot of engine speed on distribution of total pree- 
sure, etatio pressure, and indicated temperature at oompreeeor 

met. Altitude, 5000 feet; ocmpreesor-inlet ram-pressure 
atto, 1.00. - 
s) Engine speed, 10,000 m; tail-pipe tmnperature, 1527' R. 

(b) Engine speed, lJ.,OOO m; tglil-pipe temperature, 1458O R. 
(0) Engine speed, 12,000 rpn; tail-pipe lxmperature, 1495O R. 
(d) Engine rpeed, 13,000 rpm; tail-pipe temperature, 1510° R. 

Figure7. - gfech of engine speed on distribution of static prea- 
ame for eaoh etage of ocqresear stat-. liiugine speed, 10,000 
to 13,000 rpm; altitude, 5000 feet; ccanpreeeor-inlet rsm-pressure 
ratio, 1.00. 

Figure8. - ECfeot of engine apeed on dietribution of total pree- 
8ure, etatio gre8sur8, aad WHoated temperature at canpre88or 
outlet. Altitude, 5000 feet; cmpreascz-inlet ram-preeeure 

ratio, 1.00. 
(a) Engine apeed, 10,000 rpm; tail-pipe temperature, 1527O R. 
(b) Wi= m-d, ll,OOO rpm; tail-pipe tamgerature, 1458O R. 
(0) Engine speed, 12,000 rpm; tail-pfpe temperature, 14950 R. 
(d) Engine epeed, l3,OOO zqm~; tail-pipe temperature, 1510° R. 
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Figure9. - Effect of engine speed on dieibution of total aryl. 
Stat%0 pIWSSUre8 at turbine inlet. Altitude, 5000 feet; CJcPnpre88OP 
inlet ram-pressure ratio, 1.00. 
(et) &glue speed, 10,000 rppa; tail-pipe temperature, 1527O R. 
(b) Bn@ne wed, XL,000 rpm; tail-pipe teanperature, 1458O R. 
(0) Engine speed, 12,000 rpm; tail-pipe tempemtUI?e, 1495O R. 
(d) Engine speed, 13,000 rpm; tail-pipe temperature, 1510° R. 

Figure 10. - Bffect of engine Speed on distribution of total pree- 
sure and etatic pressure at turbine Outlet. Altitude, 5000 feet; 
cmpreeeor-Inlet ram-pressure ratio, 1.00. 
(a) Eogine speed, 10,000 qa~~; tail-pipe tempemature, 1527O R. 
(b) Engine speed, ll,OOO qgn; tail-pipe temperature, 1458O R. 
(0) Engine Speed, 12,000 m; tail-pipe temperature, 1495O R. 
(d) Engine speed, 13,000 rpm; t&U-pipe temperature, 15100 R. 

Figure 11. - Effeot of engine speed on dietrlbutlon of indioated 
temperature at turbine outlet. Altitude, 5000 feet; caapre88or- 
inlet ram-pressure ratio, 1.00. 
(a) Engine 8peed, 10,000 xyn; tail-pipe temperature, 1527O R. 
(b) Engine Speed, 11,000 m; tail-pipe tmperature, 1458O R. 
(0) Engine speed, 12,000 rpm; tail-pipe tmperature, 1495O R. 
(d) Engine speed, l3,OOO rppn; tail-pipe temperature, 1510° R. 

Figurel2. - Effect Of eKIgiIX3 Speed on distribution Of.tOtd pree- 
sure, etatio pressure, and indfaated temperature at exhatmt-cone- 
outlet. Altitude, 5000 feet; ompreesor-inlet ram-pressure 
ratlo, 1.00. 
(a) Engine speed, 10,000 rpm; tail-pipe tmperature, 1527O R. 
(b) Engine speed, ll,OOO w; tall-pipe temperature, 1458O R. 
(0) Et@1%3 8p+3ed, 12,oOO rpn; tail-pipe temperature, 1495° R. 
(d) Engine speed, 13,000 qm; tail-pipe temperature, 1510° R. 

FigmeW. - Effect of engine speed on di8%ribu~lon of totcrl pree- 
sure, statio pressure, am% indicated temperature at tail-pipe- 
nozzle outlet. Altitude, 5000 feet; mmpreesor-inlet ram- 
pressure ratio, 1.00. 

t1 
a Engine speed, 10,000 rprm; tail-pipe temperature, 1527O R. 
b Engine speed, 11,000 rpm; tall-pipe temperature, 1458O R. 

(c) Engine speed, 12,000 rpm; tail-pipe taaperature, 1495' R. 
(d) Engine speed, l3,OOO rgmq tail-pipe temperature, 151OOR. 

Figure 14. - Typical over-all average pressure profile far variou8 
shaft h~8epoW?8. Altitude, 5000 feet; oanpreesor-inlet ram- 
pressure ratio, 1.00; engine 8peed, 13,000 zygm. 
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Figure 15. - $ffeot of shaft horsepower on distribution of total 
pressure, statio pressure, anb indicated tmqerature at wing- 
duct inlets. Altitude, 5000 feet; ocsapressor-inlet ram-pressnre 
ratio, 1.00; engine speed, W,OOO rpnn. 
(a) &aft horsepower, 425. 
(b) Shaft horsepower, 951. 

Figure 16. - Effect of shaft horsepower on distribution of total 
pressure, static pressme, a&. idioated temperature at ocmpres- 
sm inlet. Altitude, 5000 feet; compressor-inlet ram-pressure 
ratio, 1.00; engine4 speed, l3,OOO rpn. 
(a) Shaft hmsepower, 425. 
(b) Shaft horsepower, 951. 

Figure 17. - Bffeot of shaft hcwsepower on distribution of static 
pressure for each stage of ccmrpressor stator. Altitlrdei, 5000 feet; _ 
cangxessor-inlet ram-~essure ratio, 1.00; engine speed, l3,WO rpm. 

Figure 18. - Effect of shaft horsepower on dlstribut;lon of total 
pessure, statio pressure, eLnd indioated tmperature at coapres- 
sor outlet. Altitude, 5000 feet; carpressm-inlet ram-presstrre 
ratio, 1.00; engine speed, 13,000 rpm. 
(a) Shaft horsepower, 425. 
(b) Shaft hmsepower, 951. 

Figure 19. - Effect of shaft horsepower on distribution of total 
ani statia pressures at turbine inlet. Altitude, 5000 feet; 
campressar-inlet ram-pressure ratio, 1.00; engine speed, W,OOO q8.u. 
(a) Shaft horsepower, 425. 
(b) Shaft Weepower, 951. 

Figure 20. - Effect of shaft horsepuwr on distribution of total 
pressure and statlo pressure at turbine outlet. Altitude, 5000 feet; 
ompressor-inlet ram-pressure ratio, 
(a) She&t hcrrsepower, 425. 

1.00; engins speed, l3,OOOrgm. 

(b) Shaft horsepower, 951. 

Figure 21. - XEYeot of shaft horsepower on distribution of indicated 
tsmgerature at turbine outlet. Altitude, 5000 feet; ccaapressor- 
i&et ram-pressure ratio, 1.00; engine speed, 13,000 rpm. 
(a) Shaft horsepower, 425. 
(b)Shafthorsepower, 951. 



Figure 22. - Effect of shaft horsepower on distribution of total 
pressure, stat10 pressure, ad indioated temperature at exhaust- 
cone outlet. Altitude, 5000 feet; compressor-inlet ram-pressure 
ratio, 1.00; engine speed, 13,000 rgm. 
(a) eulaFt horsepower, 425. 
(b) Shaft horsepower, 951. 

FIgme 23. - Effect of shaft horsepower on distribution of total 
pressure, static pressure, and irdicated temperature at tail-pipe- 
nozele outlet. Altitude, 5000 feet; caapressor-inlet ram-pressure 
ratio, 1.00; engine speed, l3,000 rpn. 
(a) Shaf't horsepower, 425. 
(b) Shaft hmsepower, 951, 

Figure 24. - Effect of canpressor-inlet rsm-pressure ratio on 
distribution of total pressure, static pressure, aad indicated 
temperature at wing-duct inlets. Altitude, 35,000 feet; en&m 
wed, =,m rpn. 
(a) Ccmpressar-inlet ram-pressure ratio, 1.00; shaft horse- 

power, 340. 
(b) Ccqressor-inlet ram-pressme ratio, 1.09; shaft horse- 

power, 330. 

Figme 25. - Effect of compressor-inlet ram-pressme ratio on die- 
tributlon of total pressure, static pressure, a&. indicated 
temperature at ccmpressor Inlet. Altitude, 35,000 feet; engine 
speed,13,OOo rpm. 
(&) Canpressor-inlet ram-pressure ratio, 1.00; ah&f% horse- 

power, 340. 
(b) Ccmpressor-inlet ram-pressure ratio, 1.09; shaft horse- 

power, 330. 

FIgme 26. - Hfeot of aaupressm-inlet ram-pressure ratio on die- 
trlbutlon of static pressure for each stage of ccmpressor statcm. 
Altitude, 35,000 feet; engine speed, 13,000 qxu. 

Figure 27. - Effect of ocmpressar-inlet ram-pressure ratio on dis- 
tribution of total pressure, static pressure, and indicated tean- 
perature at ccmpressor outlet. Altitude, 35,000 feet; engine 
speed, 13,000 rpm. 
(a) CcanP?essor-inlet ram-pressure ratio, 1.00; shaft horse- 

power, 340. 
(b) Ccaupressor-inlet rem-pressure ratfo, 1.09; shaft horse- 

power, 330. 
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Figure 28. - Effect of ccmpressoPr-inlet ram-pressnre ratio on dis- 
tribution of total and static pressures at turbine inlet. Alti- 
tude, 35,000 feet; engins speed, 13,000 rpm. 
(a) Compressor-Met ram-pressure ratio, 1.00; shaft hczse- 

power, 340. 
(b) Canpressar-Inlet rm-pressure ratio, 1.09; shaft horse- 

power, 330. 

Figure 29. - IEFfect of ccmpressar-inlet ram-pressure ratio on dis- 
tribution of total a& static pressure at turbine outlet. 
Altitude, 35,000 feet; engine speed, 13,000 zyn. 
(a) Compressor-inlet ram-pressure ratio, 1.00; shsft horse- 

P-m, 340. 
(b) Ccmpressor-inlet ram-presstme ratio, 1.09; shaft horse- 

power, 330. 
. 

FLgure 30. - Effect of c~essor-inlet ram-pressure ratio on dis- 
tribution of lndlcated tsmgerature at turbine outlet. Altitude, 
35 000 feet; 9ngi.m speed, l3,OOO qm. 
(aj Compressor-inlet ram-pressure ratio, 1.00; shd% home- 

power, 340. 
(b) Caqpressar-inlet ram-pressure ratio, 1.09; shaft horse- 

power,330. 

Figure 31. - Effect of ccqressor-inlet rem-pressure ratio on dis- 
tribution of total ~essure, static pressure, and indicated tear- 
per&tare at exhaust-cone outlet. Altitude, 35,000 feet3 engins 
speed, 13,000 rpm. 
(a) Ccqressor-inlet ram-pressurs ratio, 1.00; shsft horse- 

pouer,340. 
(b) C~essar-inlet ram-pressure ratio, 1.09; shaft horse- 

power, 330. 

Figure 32. - Zffect of ccqwess~-inlet ram-pressure ratio on dis- 
tribution of total WeBsure, static wessure, axkl indicated tern-- 
psrature at tail-pipe-nozzle outlet. Altitude, 35,000 feet; 
engine speed, l3,OOOrpn. 
(a) Canpressor-inlet ram-pressure ratio, 1.00; shaft horse- 

power, 340. 
(b) Cagu?essor-inlet rem-pressure ratio, 1.09; shaft horse- 

power,330. 
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Flgure 2. - Front view of TG-lOOA gas turbine-propeller engine Instal- 
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Figure 3. - Sketch of TG-IOOA gas turbine-propeller engine lnstallatlon showing location of wlng 
ducts and inlets, z 
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Figure 5. - Effect of engine speed on d istribution of total pressure, static pressure, and indicated 
temperature at wing-duct inlets. Alt itude, 5000 feet; compressor-inlet ram-pressure ratio, 1.00. 
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Figure 9. - Continued. Effect of engine speed on dlstrlbution of total pressure, static pressure, 
and indicated temperature at wing-duct inlets. Altitude, WI0 feet; compressor-inlet ram-pressure 
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Figure 5. - Contlnued. Effect of engine speed on dlstrlbution of total pressure, static pressure, 
and lndlcated temperature at wing-duct inlets. Altltude, WOO feet; compressor-inlet ram-pressure 
ratlo, 1.00. 
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Figure 6. - Effect of engfns speed on distribution of total pressure, 6tdtic pressure, and indicated 
temperature at compressor Inlet. Altltude, 5000 feet; compressor-inlet ram-pressure ratlo,l.OO. 
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and indicated temperature at compressor inlet. Altitude, 5000 feet; compressor-inlet ram-pressur 

ratio, 1.00. 
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Figure 7. - Effect of engine speed on distribution of static pressure for each stage of compressor 
stator. Engine speed, 10,000 to 13,000 rprn; altitude, 5000 feet; compressor-Inlet rem-pressure 
ratio, 1.00. 
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Figure 8. - Effect of engine speed on distribution of total pressure, static pressure, and indicated 
temperature at compressor out I et. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, 1.00. 
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Altitude, 5000 feet; compressor-inlet ram-pressure ratio, 1.00. 

‘. ’ 



o Total preseure 
0 Stat10 preemre 

(0) ~nngine speed, l2,OOO rpm; tall-pipe temperature, 1499 R. B 
f I I I I -woo 
f 

f 
“p 87W 
ii 

Ll rr I-I 
--O I 

EBOC 
n 40 60 I.20 160 200 240 280 

fmition from top, oamtsrclocMee lwklng tit, d& 
1 2 3 4 6 6 7 El 9 

Combudlon ohmber 
(d) Engine apeed, W,OOO rpm; tall-pipe teqsrature, 1510° R. 

Figurs 9. - Concluded. Effect of engine speed on dlstributlon of total and static pressures at 
blne inlet. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, t.00. 

tu r- 
w 



1) I I I III I I I I III I I I I II i 
s 2wo 
i: 

il 2 lem 

1600 
0 .6 1.0 1.3 0 .6 1.0 1.6 0 -5 1.0 1.6 

Turbine outlet, looking tit 

Dlatanos imm Inside wall, In. 
_~ ~_. -- 

(b) Exqinm speed, 11,Om rpa; tall-pige temperature, 14&# R. 

Figure 10. - Effect of engine speed on distribution of total pressure and static pressure at turbine L!'j 
outlet. Altitude, 5000 feet; compressor-inlet ram-pressure ratio, 1.00. 
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(b) Rnghs speed, 11,000 rpm; tail-pips tmperataFe. 16680 R. 
Figure II. - Effect of engine speed on dfstributlon of indicated temperature at turbine outlet. 
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Figure 12. - Ccntinuad. Effect of engine speed on dlrtrlbutlon of total pressure, static pressure, 
and Indicated temperature at exhaust-cone outlet. Altitude, !5000 feet; compressor-inlet ram- 
prsasure ratio, 1.00. Y 
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Figure 1'3. - Continued. Effect of engine speed on distrlbution of total pressure, static pressure, 
and indicated temperature at tail-pipe-nozzle Outlet. Altitude, 5000 feet; compressor-inlet ram- 
pressure ratio, 1.00. 
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Figure 14. - Typical over-al I average pressure profile for various shaft horsepowers. Altitude, 
5000 feet; compressor-inlet ranwprossure ratio, 1.00; engine speed, 13,000 rpm. 
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Figure 15. - Effect of shaft horsepower on distribution of total pressure, statlc pressure, and 
lndlcated temperature at wing-duct inlets. Altitude, 5000 feet; compressor-Inlet ram-pressure 
ratlo, 1.00; engine speed, 13,000 rpm. 



Figure k5. - Cone I uded. Effect of shaft horsepower on distribution of total pressure, static pres- 
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sure, and indicated temperature at wing-duct inlets. Altitude, !5000 feet; compressor-inlet ram 
pressure ratio, 1.00; engine speed, 13,OCO rpm. 
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Figure 16. - Effect of shaft horsepower on distribution oP total pressure, static pressure, and Indl- 

cated temperature at compressor Inlet. Altitude, 5000 feet; compressor-Inlet ram-pressure ratio, 
1.00; engine speed, 13,000 rpm. 
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Figure 17. - Effect 
pressor stator. 

at shaft horsepower on distribution of static pressure for each stage of corn- 
Al t itode, 5000 feet; compressor-inlet ram-pressure ratio, 1 .OO; engine speed, 

13,000 rpm. 
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Figure 20. - Effect of shaft horsepower on distribution of total pressure and static pressure at 
-turbine outlet, Altitude, So00 feet; compressor-inlet rPm-pressure ratio, 1.00; engine speed, 

13,000 rpm. 
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Figure 21. - Effect of shaft horsepower on distribution of Indicated temperature at turbine outlet. 

Altitude, 5000 feet; compressor-Inlet ram-pressure ratio, 1.00; engine speed, 13,000 rpm. 
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Figure 22. 
(a) mart horaspower, 426. 

- Effect of shaft horsepower on distribution of total pressure, static pressure, and 
indicated temperature at exhaust-cone outlet. Altitude, 5000 feet; compressor-Inlet ram- 
pressure ratio, 1.00; engine speed, 13,000 rpm. 
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Figure 23. 
(a) &xft horsepower. 425. 

- Effect of shaft horsepower on distribution of total pressure, static pressure, and Indl- 
cated temperature at tall-pipe-nozzle outlet. 
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Figure 23. - Concluded. Effect of shaft horsepower on distribution of total pressure, static pres- 

sure, and indicated temperature at tail-pipe-nozzle outlet. Altitude, 5000 feet; compressor-inlet 
ram-pressure ratio, 1.00; engine speed, 13,009 i-pm. 
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Figure 24. - Effect of compreseor-inlet ram-pressure ratio on distribution of total pressure, static 
pressure, and indicated temperature at wing-duct inlets. Altitude, 35,000 feet; englne speed, 
13,000 rpm. 
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engine speed, 13,000 rpm. 

# ,* - *, l 



0 Tote1 preosum 
0 3tat10 prossum 
0 IndYaated taslpsrrture 

0 Total-pressulw tuba 
l 8tPtlo-pressure tube 
P Thhsrmo0oup1e 

Cmpmssor Inlet, looklnu art 

0 1 !a 0 1 
mOtDn00 rr0m ihOm wall: 

0 1 a 
in. 

-=qg7 

tb) CmprresoaFlnlat nm-pmrmm rrtio, 1.08; nhft horaapmr, $80. 

Figure 25. - Effect of compressor-inlet ram-pressure ratio on distribution of total pressure, static 
pressure, and lndlcated temperature at compressor inlet. Altitude, 35,000 feet; engine speed, 
13,000 rpm. 
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Figure 26. - Effect of compressor-inlet raampressure ratio on distrfbution of static pressure for 
each stage of compressor stator. Altitude, 35,000 feet; engine speed, 13,000 rpm. ,3 
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Figure 28. 

(a) Cmpressor-inlet ram-pressure ratlo, 1.00; shaft horsepower, 340. 
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(b) Compressor-inlet rm-presmrs ratio, 1.09; shaft horsepower, 930. 
- Effect of compressor-inlet ram-pressure ratio on distribution of total and static pre 

sures at turbine inlet. Altitude, 35,000 feet; engine speed, 13,000 rpm. 
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Figure PCJ. - Effect of compressor-inlet ram-pressure ratio on distribution of total and static pres- 
sure at turbine outlet. Altitude, 35,000 feet; engine speed, IJ,OOO rpm. 
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Figure x). - Effect of compressor-inlet ram-pressure ratio on distribution of Indicated temperature 

at turbine outlet. Altitude, 35,000 feet; engine speed, 13,000 rpm. 



(a) Oaapressor-lnlet ram-pressure ratla, 1.09; sbatt horsepower. 550. 

Figure 3% - Concluded. Effect of compressor-inlet rampressure ratio on distrlbutlon of indicated 
temperature at turbine outlet. Altitude, 33,000 feet; englne speed, r3,OOO rpm. 
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(a) Compresfa+nlet IW&IIWZ~UFB ratio, 1.00; shaft boLq&er, 340. 

Figure 31. - Effect of compressor-inlet ram-pressure ratio on distribution of total pressure, static 
prassu re, and indicated temperature at exhaust-cone out I et. Altitude, 35,000 feet; engine speed, 
13,000 rpm. 

I .i . ‘, ’ 



, ,’ ., 831 c '. 

0 0 Total Total preesure preesure 
0 0 Statia Statia presswe presswe 

800 800 6 6 " " .J .J " " 

BOO? BOO? 
a a 

r-l r-l 40 40 a0 a0 120 120 160 160 200 200 240 240 280 280 s20 s20 _- 
Poaith fraa top, uounteralookuiae looking aft, deg 

(b) Compressor-Inlet ram-pressma ratio, 1.W; shaft horsepower, 390. 
igure 31. - Concluaed. Effect of compressor-inlet ram-pressure ratio on distrlbutlon of total pf 

sure, static pressure, and indicated temperature at exhaust-cone outlet. Altitude, 35,000 feet; 
englne speed, 13,000 rpn. 
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(a] Ccmpressor-lnlet ramqremure ratio, l.OOfi rhft horsepoww, 340. 

Figure 32. - Effect of compressor-inlrt r&w-pressure ratio on distribution of total pressure, static 
pressure, and Indicated temperature at tall-pipe-nozzle outlet, 
speed, 13,000 rpm. 

Altitude, 35,ooO feet; engine 
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(b) Compressor-inlet ram~ssure ratio, l.09; shaft homepower, 830. 

gure 32. - Concluded. Effect of compressor-inlet ram-pressure ratio on dlstrlbutton of total pres- 
'sure, static pressure, and indicated temperature at tall-pipe-nozzle outlet. Altitude, 35,000 feet; 
engine speed, 13,000 rpm. 
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